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The mean erythrocyte length is sufficient to classify Rana kl. esculenta individ- 
uals as diploid or triploid. Because erythrocyte size increases after metamorphosis and 
during the first year of postmetamorphic development, criteria for ploidy determination 
have to be modified according to the age of the tested animals. In contrast, the size of 
the erythrocyte nucleus does not significantly increase during development. 

INTRODUCTION 

It has long been known that erythrocyte populations in Anurans are replaced during 
metamorphosis. Evidence for this replacement is provided by the transition from larval to 
adult hemoglobin in Xenopus laevis (JURD & MACLEAN, 1970) and Rana catesbeiana 

(MCCUTCHEON, 1936; BENBASSAT, 1974), as well as modifications in erythrocyte shape and 
ultrastructure in Bufo bufo (ANZANEL et al., 1983) and Rana pipiens (HOLLYFIELD, 1966), 
including changes of size and volume (McCUTCHEON, 1936; HOLLYFIELD, 1966; ANZANEL et 

al., 1983). These studies indicate that tadpole erythrocytes usually are larger than adult 
erythrocytes. 

Erythrocyte size often has been used as an easy mean of determining ploidy in the Am- 

bystoma jeffersonianum complex (UZZELL, 1964; AUSTIN & BOGART, 1982), Ambystoma mex- 
icanum (FANKHAUSER, 1945), Xenopus (GEORGE & LENNARTZ, 1980), Rana kl. esculenta (Uz- 

ZELL & BERGER, 1975; GUNTHER, 1977) and Ceratophrys species (MERCADAL, 1981). 

A study of a green frog population (Rana kl. esculenta complex) in a natural pond of 
the Fontainebleau forest near Paris (France), revealed the presence of diploid and triploid 

individuals of hybrid constitution. The triploid hybrid subpopulation consists exclusively of 

males with an RLL constitution, i.e. one Rana ridibunda genome and two Rana lessonae gen- 

omes. The persistence of triploid males in the Fontainebleau population is assured by crosses 

of RLL males with RL females, owing to a particular mode of reproduction very similar to 
hybridogenesis (GRAF & POLLS, 1988). 

GUNTHER et al. (1979), HoTz (1983), UZZELL et al. (1975) and BERGER & GÜNTHER 
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(1988) suggest that the erythrocytes of adult green frogs could be larger than those of im- 

mature specimens. While testing the erythrocyte size method for rapid determination of 
ploidy level in population samples, we noticed that the erythrocytes of tadpoles and young 

metamorphosed specimens were consistently smaller than those of adults of the same ploidy. 
It was therefore necessary to establish criteria allowing the determination of ploidy in indi- 
viduals belonging to different age classes. 

MATERIAL AND METHODS 

Diploid and triploid adults of both sexes were collected during the years 1985, 86 and 

87 from a pond in Chanfroy Plain (Fontainebleau forest, near Paris). Froglets were collected 
just after metamorphosis from the same pond (June 30, 1987). 

The genotypes of diploid and triploid individuals were determined on the basis of elec- 
trophoretic phenotypes of lactate dehydrogenase (LDH), aspartate aminotransferase (AAT), 

and glucosephosphate isomerase (GPI), using techniques described in GRAF et al. (1977) and 

GRAF & MULLER (1979). Triploid hybrids were distinguished from diploids on the basis of 
gene-dosage effects visible in electrophoretic patterns of LDH (UZZELL et al., 1975; GUNTHER 

& HAHNEL, 1976). Some karyotypes were made to confirm the validity of this method. For 

the adult frogs analysis, 10 triploid Rana kl. esculenta, all of them males (there are no tri- 
ploid females in the Chanfroy pond), as well 20 diploid Rana kl. esculenta (10 males, 10 fe- 
males), and 5 diploid Rana lessonae (1 female, 4 males) were utilized. 

Diploid and triploid tadpoles were obtained from selective experimental crosses (cross 

4-86) or from frogs caught in amplexus (crosses 1-85 and 5-87) and allowed to lay eggs in 
the laboratory. Parents of each isolated clutch were identified by enzyme electrophoresis. 

Similarly, the genotypes of progenies from crosses 1-85 and 4-86 were determined on the 
basis of their electrophoretic phenotypes, whereas the progeny from cross 5-87 were as- 

sumed to have an RL constitution (one ridibunda genome and one lessonae genome) based 
on the genotypes of the parents. The identity of the parents and progenies of each cross are 
described in Table I. 

Tadpoles were reared in 1.5 1. tanks at the density of 10-20 tadpoles per liter, in de- 

chlorinated water changed once a day. The larvae were fed with a progressive diet of cooked 

egg yolk. Only tadpoles showing a good vitality were analysed. Classification of larval stages 
was made on the basis of the characteristics described by GOSNER (1960). 

Blood smears of adults were obtained by cutting a finger. Blood smears of tadpoles 

were obtained by cutting the extremity of the tail; controls were made in tadpoles by taking 

blood from the heart, to confirm that the size of the erythrocytes circulating in the tail did 
not differ from the average erythrocyte size. 

Erythrocytes were measured on drawings from dried blood smears using a camera lu- 
cida at magnification of 1000. In adults, as well as in froglets and tadpoles, 4 measures were 

taken : the major and minor axes of the optical sections of the whole cell and the nucleus. 
Ten randomly chosen erythrocytes for each individual, and 10 individuals for each group, 
were considered for the statistical analysis. Only erythrocytes showing clear limits of the cy- 

toplasm and nuclear membranes were measured. The area of an optical section through the 

Source : MNHN, Paris 
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Cross 1-85 
Q ESCULENTA 2n (RL) x © ESCULENTA 2n (RL) 

l 
Q9 RIDIBUNDA 2n (RR) 

Cross 4-86 

Q ESCULENTA 2n (RL) x © ESCULENTA 3n (RLL) 

l 

GG ESCULENTA 8n (RLL) 

Cross 5-87 
Q ESCULENTA 2n (RL) x © LESSONAE 2n (LL) 

Î 
Q9. SO ESCULENTA 2n (RL) 

Table I. - Origin of tadpoles and froglets used in this study. The patterns of inheritance in the three 
crosses result from the hybrid constitution of esculenta and the exclusion of one parental genome in the 
hybrids’ germ cells (review in GRAF & PoLcs, 1988). In cross 1-85, both RL parents clonally trans- 
mitted a R (= ridibunda) genome to progeny. In cross 4-86, the triploid RLL male contributed two L 
(= lessonae) genomes and the diploid RL female contributed one R genome. In cross 5-87, the diploid 
RL female clonally transmitted a R genome and the LL male transmitted non-clonal L genomes to 
progeny. 

two longer dimensions of the cell was estimated as #.a.b, where a and b are one half the cell 
length and width. 

Among the progeny from cross 4-86, two samples were separately studied with respect 
to the wintering period. The first was kept at 0 to 5°C in a cold room during 4 months to 
simulate hibernation; the animals did not eat during this period. The second group was 

maintained at about 20°C from December to April, and was given a normal diet (living in- 
sects). 

RESULTS AND DISCUSSION 

The mean values, standard deviations, and the maximal and minimal values of the four 
considered parameters (i.e. lengths of cell and nucleus major axis, areas of cell and nucleus 

optical sections) are given for each studied group in Table II. Three adult phenotypes have 

been distinguished (Rana kl. esculenta 2n, Rana kl. esculenta 3n, and Rana lessonae 2n), as 

well as three groups of tadpoles and froglets (Rana kl. esculenta 2n, Rana kl. esculenta 3n, 
Rana ridibunda 2n originating from the homotypic Rana kl. esculenta 2n crosses). 

In all analysed diploid and triploid lineages a clear increase of the erythrocyte length 

Source : MNHN, Paris 



Table IL. - Erythrocyte size in diploid and triploid green frogs from the Chanfroy population. 

Cell length (um) Nucleus length (um) Cell area (um?) Nucleus area (1m?) 
mean SD range mean SD range mean SD range mean SD range 

esculemta 3n  tadp. s. 44 250 16 27.5-22.2 106 0.5 125-100 2888 25.0 319.9-241.3 526 5.0 62.3-44.8 
esculenta 3n  postmetam. 250 03 255-243 112 0.7 123100 297.3 18.5 55.2 86 68.1-43.6 
esculemta 3n before 1st hib. 276 10 296-261 115 0.3 121-111 3653 214 483 38 55.3-43.0 
esculenta 3n  hibernating 284 09 297-275 119 04 375.5 13.7 599 74 
after 1st. hib. non hib. 29.2 09 310-282 128 1.5 387.2 27.6 564 24 

hib. + n. hib. 28.8 0.9 31.0-27.5 124 0.9 157-114 381.3 20.7 581 49 
esculenta 3n adults 29.8 14 31.7-27.1 115 (08 12.9-9.9 420.7 315 549 7.6 

esculenta 2n  tadp. s. 36 18.1 0.5 189-174 98 15 1328-86 189.5 13.3 475 86 
ridibunda 2n  -tadp. s. 44 208 14 227-185 9.7 0.7 192.7 217 463 72 
esculenta 2n  postmetam. 208 10 217-189 85 06 209.7 16.7 383 57 

gd 233 0.7 254229 90 0.6 2774 126 394 54 
esculenta 2n adults 9 ® 239 0.8 250-230 89 0.6 2864 13.1 394 5. 

go +99 236 0.7 254227 90 06 2819 12.9 394 53 

Lessonae 2n adults 249 23 285-224 9.0 1.0 108-7.8 301.5 38.0 357.1-243.6 424 13.3 67.7-28.7 

9ç 

( L SALATV 

Source : MNHN, Paris 
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R.kl.esculenta 2n 8 99 
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Fig. 1. — Top : means and ranges of cell areas of erythrocytes in diploid Rana kl. esculenta during on- 
togenesis. Bottom : means and ranges of nucleus areas of erythrocytes in diploid Rana kl. esculenta dur- 
ing ontogenesis. 

and area was observed, from larval to adult stages during ontogenesis. This increase in 

erythrocyte size is illustrated in fig. 1 for diploid Rana kl. esculenta : the mean erythrocyte 

area varies from 189 am? in tadpoles to 286 um? in adult females and 277 um? in adult males, 
with an intermediate value of 210 pum? just after metamorphosis. In contrast, the nucleus 

area decreased from 47 11m? in tadpoles to about 38 um? in young metamorphosed frogs and 
in adults. 

In triploid Rana kl. esculenta (RLL) the mean erythrocyte area increased from 289 um? 

in tadpoles to 421 um? in adults; the nucleus area did not vary significantly during onto- 
genesis in triploids (fig. 2). Interestingly, the mean erythrocyte areas found in triploids ex- 

ceed by a factor of 1.5 the corresponding values of diploids. Hibernation apparently had no 
effect on erythrocyte replacement in triploid froglets. 

Differences between tadpoles and adults were also observed with respect to erythro- 

cyte shape: the coefficient of excentricity a/b is lower in larval erythrocytes (a/b = 1.40 for 
diploid tadpoles) than in adult erythrocytes (/b = 1.56 for diploids). The mean excentricity 
in adult triploids is 1.68. DavisoN (1959) similarly observed that the coefficient of excen- 
tricity of Triturus erythrocytes was higher in triploids than in diploids. 

Of practical interest is the confirmation that diploid and triploid Rana kl. esculenta are 

well distinguishable on the basis of the mean erythrocyte length in samples of similar age 

category (fig. 3, 4, 5). This discrimination is especially clear in adults (fig. 4). In addition, 

it is worth noting that the mean cell length and area of erythrocytes of the “good” species 
Rana lessonae (CL = 24.9 um; CA = 301.5 pm?) are slightly higher than the mean values 

found for the diploid specimens of the hybrid Rana kl. esculenta (CL = 23.6 pm; 
CA = 281.9 um?) 

Source : MNHN, Paris 
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Fig. 2. - Top : means and ranges of cell areas of erythrocytes in triploid Rana kl. esculenta during on- 
togenesis. Bottom : means and ranges of nucleus areas of erythrocytes in triploid Rana kl. esculenta 
during ontogenesis. 
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Fig. 3. - Diagram of erythrocyte size in diploid and triploid tadpoles. 

Source : MNHN, Paris 
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Fig. 4. - Diagram of erythrocyte size in adults of Rana kl. esculenta (diploid and triploid) and Rana 
lessonae. 

Fig. 5. — Photomicrographs (X675) of erythrocytes of Rana KI. esculenta : a. — diploid adults, 
b. - diploid postmetamorphic froglets, c. - triploid adults, d. - triploid postmetamorphic froglets. 

Source : MNHN, Paris 
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RÉSUMÉ 

La longueur moyenne des érythrocytes constitue un paramètre suffisant pour distin- 

guer, dans le complexe de Rana kl. esculenta, les spécimens triploïdes des spécimens di- 
ploïdes. Cependant, étant donné que la taille des érythrocytes augmente pendant la méta- 

morphose et la première année de développement post-métamorphique, le critère de 

discrimination doit être modifié en fonction de l’âge des individus étudiés. La surface du 

noyau des érythrocytes n’augmente pas significativement au cours du développement. 
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